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Women
Ulrike Weik*, Jennifer Ruhweza and Renate Deinzer
Institute of Medical Psychology, Justus Liebig University Giessen, Giessen, Germany
Ostracism (being excluded or ignored) is experienced as unpleasant and distressing.
In previous studies, an immediate pre-stress experience of ostracism induced by
Cyberball, a virtual ball-tossing game, was found to inhibit cortisol reactivity to public
speaking stress in female students. The present study examines whether the effect
will persist when a 15-min time gap between the Cyberball experience and subsequent
psychological stress is introduced. N = 84 women were randomly assigned to Cyberball
ostracism vs. inclusion. 15 min after playing Cyberball, all women were subjected to
public speaking stress. Salivary cortisol and mood were repeatedly assessed during the
course of the experiment. These are the main findings of the study: Repeated measures
ANCOVA revealed that public speaking stress resulted in a significant increase of cortisol
in both groups (inclusion vs. ostracism). However, cortisol levels were significantly lower
in the ostracism group. In earlier studies when Cyberball was played immediately
before public speaking stress, the cortisol response to public speaking was completely
suppressed in ostracized women. By introducing a waiting period between Cyberball
and public speaking stress in the present study, the main effect of an ostracism
induced reduction of cortisol remained, although both groups showed an increase
of cortisol as a response to public speaking. These results again suggest that the
experience of ostracism might inhibit hypothalamic-pituitary-adrenal (HPA) axis activity,
thereby confirming previous results. The formerly observed total suppression of HPA axis
responsiveness to public speaking, however, seems to be a rather short-term effect.
Keywords: acute stress, Cyberball ostracism, social exclusion, cortisol, hypothalamic-pituitary-adrenal-axis
INTRODUCTION
The need to belong, i.e., establishing and maintaining social relationships, is an existential need
for human beings (Baumeister and Leary, 1995; Cacioppo et al., 2011). The experience of being
ostracized (being socially excluded or ignored) or rejected is perceived as unpleasant and painful
(Zadro et al., 2004; MacDonald and Leary, 2005). In experimental research several paradigms are
used to induce social exclusion, ostracism or rejection (Nezlek et al., 1997; Twenge et al., 2001;
Baumeister et al., 2002; for overview see also Williams, 2007; Blackhart et al., 2009). The Cyberball
paradigm (virtual ball tossing game) was developed to specifically induce ostracism (Williams et al.,
2000; Williams and Jarvis, 2006). According to the ostracism detection theory (Williams et al.,
2000; Williams and Zadro, 2005; Williams, 2009), social beings possess a rapid detection system
activated by any cue of being ignored or excluded. Detecting ostracism is considered to be adaptive,
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allowing (re-) establishment of social support and helping to be
included again. In the last decade, Cyberball has gained much
attention in psychological research as it allows studying the
impact of ostracism or the experience of social exclusion on
the individual’s psychological wellbeing in a highly standardized
manner. A considerable number of studies provide evidence of
short-term effects on mood, physiological arousal and behavior
(Gerber and Wheeler, 2009; Williams, 2009). Furthermore,
fundamental needs (e.g., belonging and control) are threatened
by Cyberball ostracism. Research also indicates the involvement
of brain areas associated with physical pain in the experience of
being ostracized via Cyberball (Eisenberger et al., 2003).
The present study focuses on neuroendocrine responses
to Cyberball ostracism. An important neuroendocrine stress
response system is the hypothalamic-pituitary-adrenal (HPA)
axis. During an acute stressful event, corticotrophin releasing
factor is secreted from the paraventricular nucleus of the
hypothalamus triggering the anterior pituitary to produce
adrenocorticotrophin hormone (ACTH). ACTH stimulates the
adrenal glands which in response releases the glucocorticoid
hormone cortisol. Acute cortisol release is considered as adaptive
as it supports the organism to maintain homeostasis by inducing
release and distribution of energy stores (Chrousos and Gold,
1992; Sapolsky et al., 2000). A variety of experimental research
has shown that a short term and time limited cortisol release can
be induced by certain laboratory stress tasks. It was found that in
particular uncontrollable and social-evaluative performance tasks
are potent triggers of HPA-axis activation resulting in cortisol
release (Dickerson and Kemeny, 2004).
Given the fact that being ostracized is considered to be
a potent social stressor, it might be expected to be capable
of triggering HPA-axis and consequently leading to a cortisol
release. Surprisingly, results of studies investigating the direct
effect of Cyberball ostracism on cortisol indicate that this is not
the case (Zöller et al., 2010; Geniole et al., 2011; Zwolinski, 2012;
Seidel et al., 2013). In order to understand these findings it might
be helpful to consider the nature of the stressor. Stressors known
to elicit cortisol responses typically contain a strong evaluative
component. This mainly activates the need for power rather than
other motives such as the need for achievement or affiliation
(Wiemers et al., 2015). On the other hand, Cyberball ostracism
first and foremost induces a state of not belonging to a group.
Thereby, it is more prone to affect the need for affiliation than the
need for power. Interestingly, although Cyberball ostracism does
not induce cortisol release, it still appears to affect HPA-axis by
altering cortisol responsiveness to subsequent stress, however, in
an unexpected way.
When Cyberball was played immediately before a second
stressor, i.e., public speaking, gender-specific alterations in the
cortisol response to public speaking stress were found (Weik
et al., 2010, 2013). Women who underwent the ostracism
condition failed to mount a cortisol response to a post-
ostracism laboratory speaking task, while women in the inclusion
condition exhibited significant responses. These results indicate
that even if there is no direct effect of Cyberball ostracism
on cortisol secretion, it still may have neuroendocrine effects
that become apparent in stressful situations after the experience
of ostracism. In the context of the ostracism detection theory,
these effects might mirror a reflexive physiological response to
ostracism (Williams, 2009). In order to better understand these
mechanisms, their temporal dynamics should be known first:
Will the suppression of cortisol remain for a longer period
of time or is it just a rather short term effect disappearing
after a few minutes? The present study therefore examined
whether the ostracism effect on cortisol will still be observable
when public speaking stress is not applied immediately after
the ostracism experience but after a short time lag (i.e.,
15 min). Only women were analyzed as previous results on
Cyberball induced suppression of cortisol response to public
speaking stress are confined to women so far (Weik et al.,
2010).
It was hypothesized that Cyberball ostracism would affect
cortisol secretion in women subsequently subjected to a public
speaking stress also under conditions of a 15-min waiting period
between Cyberball and public speaking stress.
MATERIALS AND METHODS
Study Participants and Ethics
Study participants were 84 healthy female students aged
20–30 years (inclusion criteria) who were recruited by postings
on the campus and announcements in local magazines. Students
interested in study participation were contacted by telephone.
During this first contact they received information about the
study and were asked about inclusion and exclusion criteria
(according to our previous studies). Exclusion criteria were
applied in accordance to previous work mainly in order to avoid
any disturbances of the endocrine system or other factors which
might affect results. They were: study of psychology or human
medicine; acute or chronic infection, acute allergy, diseases
of the adrenal or thyroid glands, any history of neurological
or psychiatric diseases, as well as psychotherapeutic treatment,
vaccination and donation of blood before study onset, pregnancy
or breast feeding, nicotine consumption or an irregular menstrual
cycle, any known acute or chronic stress (e.g., any kind of
examination) from 2 weeks prior to until 1 week after the study.
For study participation, participants received a small monetary
compensation for their time investment.
From the total sample, one woman in the ostracism group
had to be excluded from the analyses because at the end of
the experiment she indicated that she had known Cyberball
beforehand. One woman in the inclusion group was excluded
due to withdrawal from further participation during the stress
session. Five women in the inclusion group and eight women in
the ostracism group were further excluded because saliva samples
for baseline and/or during stress did not contain enough saliva for
cortisol analysis. The final sample included 69 female students:
inclusion (n= 36) and ostracism (n= 33).
The study was approved by the Ethics Committee of the
Medical Faculty of the University of Duesseldorf, Germany
(Study No. 2558) and was found to conform to the guidelines
of the World Health Organization (Declaration of Helsinki). All
participants gave their informed, written consent.
Frontiers in Psychology | www.frontiersin.org 2 February 2017 | Volume 8 | Article 60
fpsyg-08-00060 February 6, 2017 Time: 12:2 # 3
Weik et al. Ostracism and HPA Axis Activity
Overall Procedure
Students interested in study participation were contacted by
telephone to provide information about the study and check
for inclusion and exclusion criteria. Eligible participants were
invited for a first appointment, which for each participant took
place at least 1 week prior to the experiments. At this first
appointment, exclusion and inclusion criteria were assessed
again and participants then received detailed oral and written
information about the experiment before they provided their
written consent. Additionally, they filled in the questionnaires
assessing the control variables and they were photographed for
the Cyberball game. Detailed instructions were also given with
respect to behavioral rules for the day before and the day of the
experiment (see section Control Procedures), which were also
provided in written form.
The experiments took place at the second appointment
approximately 1 week after the first appointment. Time points
of the experimental assessment of the dependent variables are
shown in Figure 1. When arriving at the laboratory, participants
were seated in a quiet room for acclimatization. After the baseline
period, the participants were placed in front of a computer and
they received verbal as well as written instructions with respect
to Cyberball. Before starting the game, the experimenter led the
participants to believe that she had to leave the room in order to
check whether the other three players (computer generated) were
ready to play. After the experimenter had returned, participants
were told that all players were ready and the game could be started
(see also Weik et al., 2013). After Cyberball, the participants
remained seated for 15 min without any further instruction.
Then, participants underwent public speaking stress in a separate
room. Afterward they returned to the room in which baseline
measures were assessed for the recovery period. They were
instructed to remain seated and they had the opportunity to read
comics or travel journals. At the end of the recovery period,
threat to fundamental needs was assessed. A detailed debriefing
of the participants by the respective experimenter completed the
experiment.
Experimental Conditions
Independent Variable: Cyberball Inclusion vs.
Ostracism
In accordance with previous studies (Weik et al., 2010, 2013;
Zöller et al., 2010), ostracism (social exclusion) was induced
via the Cyberball paradigm (Williams and Jarvis, 2006). In the
Cyberball game, participants are led to believe that they are
playing a virtual ball-tossing game with three other players [in
our case: one of the same and two of the opposite sex (Weik
et al., 2010, 2013)]. In fact, activities of the three other players
are computer-generated. Names and photographs of all players
are displayed beneath the player’s icon on the computer screen.
By mouse click on the photographs, the players can throw a
ball to one of the other players. In total there were 60 ball
throws. Two conditions were run in the present study: in the
ostracism condition study participants received the ball three
times, thereafter they did not receive it again; in the inclusion
condition the participants received an average of every fourth ball.
Study participants were randomly assigned to one of
the two experimental conditions and stratified with respect
to oral contraceptive intake as well as menstrual cycle
phase (follicular/luteal). The respective cycle phase of the
participant on the day of the experiment was estimated on
the basis of the information obtained by the anamnestic
interview about cycle length and first day of the last
menstruation.
As described previously, randomization was carried out by a
person not involved in data assessment and not in contact with
the participants (Weik et al., 2010, 2013; Zöller et al., 2010). The
experimenter (JR) who was in direct contact with the participants
was blinded until the end of the experiment, when participants
were debriefed. Study participants were kept blinded with respect
to hypotheses by a cover story (German translation of the cover
story on the welcome page of the original Cyberball game:
examining the effects of a mental visualization task performance
on the endocrine system; see Williams and Jarvis, 2006).
Public Speaking Stress
The stress challenge took place in a separate room with one TV
camera in front of a table with a chair on which the participants
were seated. Two additional video cameras were placed at two
upper, opposite corners of the room. All of the cameras were
connected to an observation room equipped with a mixer desk
and three observation monitors were connected to the cameras.
This setting was visible to participants, who, in order to enter
the room in which the stress challenge took place, walked
across the observation room. The public speaking stressor has
been described in detail previously (e.g., Deinzer et al., 2004;
Weik et al., 2008). Briefly, it is a highly standardized stress
paradigm consisting of three consecutive phases each lasting
10 min. In the first phase (anticipation) participants are only
given brief information about the nature of the task. In the second
phase (preparation) they are provided with details about the
FIGURE 1 | Time points of measurement during the experimental periods (Baseline: baseline period; CB: Cyberball; Wait: waiting period; Stress: public
speaking stress; Recovery: stress recovery period; End: end of the experiment).
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task (i.e., holding a speech in front of a camera with a given
topic and specified quality criteria to be fulfilled). In the third
phase (speech) they hold the speech and will be disturbed by
the experimenter reminding them of the quality criteria to be
fulfilled. In previous studies, this stress paradigm has been shown
to be an effective psychological stressor consistently eliciting
significant increases in salivary cortisol (Deinzer et al., 2004; Weik
et al., 2008, 2010, 2013; Keitel et al., 2011; Schut et al., 2012)
and ACTH concentrations (Weik et al., 2013). The sympathetic
nervous system is affected in the same manner, as reflected by
stressor induced increases of epinephrine and norepinephrine
concentrations (Weik et al., 2013).
Dependent Variables
Salivary Cortisol
In order to assess cortisol alterations throughout the experiment,
eight saliva samples were collected by using Salivettes (Sarstedt,
Nümbrecht, Germany) every 15 min from the beginning until
the end of the experiment (Figure 1). The saliva samples were
stored at −20◦C until assayed. For cortisol analysis, samples
were defreezed and centrifuged at 1700 × g for 5 min. Each
sample was analyzed in duplicate. Salivary cortisol levels were
determined by the use of commercial enzyme immunoassays
(ELISA; IBL International R©, Hamburg, Germany); intra- and
inter-assay coefficients of variation were 3.1–7.3% and 6.4–8.8%,
respectively.
Mood
In order to prove that Cyberball would alter mood and
that a psychological response to public speaking would occur,
participants’ mood ratings were assessed during the course of
the respective experimental conditions (Cyberball inclusion vs.
ostracism). The German short versions of the Multidimensional
Mood Questionnaire (MDBF; Steyer et al., 1997) and the
Differential Affect Scale (DAS; Merten and Krause, 1993) were
used with internal consistencies (Cronbach’s α) of 0.73–0.89
and 0.54–0.80, respectively. The short version of the MDBF
consists of 12 items assessing three factors: mood (good vs.
bad mood), alertness (alertness vs. tiredness), and calmness
(calmness vs. agitation). Three scales of the DAS assessing
happiness, depression, and anger, each by three items, were used.
Participants were instructed to rate the feelings they had during
the preceding section of the experiment via visual analogue scales
(VAS). The assessments took place in parallel to the collection of
saliva samples except during the stress challenge (Figure 1). For
all mood measures at each time point of measurement we found
internal consistencies (Cronbach’s α) between 0.60 and 0.94.
Manipulation Check
In order to prove whether the Cyberball manipulation was
effective, feelings of exclusion were assessed by a VAS item
immediately after Cyberball.
Furthermore, at the end of the experiment, threat to
fundamental needs was assessed via a standard questionnaire
in accordance with Zadro et al. (2004), consisting of 12 items
assessing the effect of Cyberball on four needs: belonging, self-
esteem, control and meaningful existence. Participants answered
these questions by ratings on a 5-point scale, with 1 = not at all
and 5 = very much. The internal consistencies (Cronbach’s α)
for the fundamental need items found in the present sample
were: belonging: 0.79; control: 0.80; meaningful existence: 0.57;
self-esteem: 0.75.
Control Variables and Control
Procedures
Psychological Variables
To control for potential psychological confounders and for the
respective comparability of the groups, the following variables
were assessed by means of validated standardized questionnaires:
Perceived social support (Questionnaire for the assessment of
social support (Fragebogen zur sozialen Unterstützung; Fydrich
et al., 2007)), Big Five personality factors (German version of the
NEO-FFI; Borkenau and Ostendorf, 1993), Self-esteem (German
version of the multidimensional concept scale (MSCS); Schütz
and Sellin, 2006), Trait rumination (German version of the
response styles questionnaire (RSQ-D); Kühner et al., 2007),
and Locus of control (German version of the internal-external
control scales (IPC); Krampen, 1981). Internal consistencies
(Cronbach’s α) of these measures in the present sample were
between 0.55 and 0.93.
Control Procedures
In order to control for circadian variations of cortisol secretion,
all experiments took place between 2 and 4 pm. For the day before
and the day of the experiment, the participants were asked to
adhere to the following behavioral rules: to refrain from eating
or drinking (except water) within 3 h prior to the beginning
of the experiment and to refrain from physical activity (e.g.,
cycling to the laboratory) and medication intake on the day of
the experiment. Furthermore, they were instructed not to drink
any alcohol as well as to refrain from excessive physical activity
on the day prior to the experimental days, to ensure at least
6 h of sleep at night and being awake at least 4 h prior to the
experiment.
Statistical Analysis
All statistics were computed using SPSS 22. The intended level of
significance was α= 0.05.
Comparability of the ostracism vs. inclusion group with
respect to baseline values of dependent and control variables
was tested by χ2 tests and t-tests, as appropriate. In cases
of significant group differences within the baseline or control
variables, these variables were included as covariates in any
further group comparison.
In order to prove whether the Cyberball manipulation
was effective, groups were compared with respect to their
feelings of exclusion immediately after Cyberball by univariate
analysis of covariance (ANCOVA). Considering threat to
fundamental needs, included and excluded women were
compared by the means of multivariate analysis of covariance
(MANCOVA).
To test for treatment effects on salivary cortisol concentrations
and mood ratings, repeated measurement analyses with
baseline cortisol and oral contraceptive intake included as
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covariates (repeated measurement ANCOVAs) were computed
with group as between- and time points of measurement as
within-factors. Baseline and control variables with significant
group differences were included as further covariates in
all group comparisons. According to one of the reviewers’
suggestions analyses were also run with all control variables
as covariates. As this did not change results with respect
to main effects of group and time these results are not
reported here. Greenhouse-Geisser corrections were applied
and original degrees of freedom together with Greenhouse-
Geisser’s ε are reported. All ANCOVAs are presented with η2
as measure of effect sizes. Additionally, groups were compared
at each time point of measurement by computing univariate
ANCOVAs.
RESULTS
Inclusion (n = 36) and ostracism (n = 33) groups did not differ
with respect to age (t67 = 0.966, p= 0.34; mean± SD: 23.3± 1.7
and 22.9 ± 2, respectively) nor oral contraceptive intake and
cycle phase (χ2 = 0.379, exact p = 0.86; follicular/luteal/oral
contraceptives: 2/10/24 and 3/8/22). Significant differences were
found with respect to self-related rumination (mean ± SD:
16.22 ± 4.1 and 14.12 ± 4.3, respectively; t67 = 2.079,
p = 0.04) and distraction (mean ± SD: 18.72 ± 4.4 and
21.30 ± 4.9, respectively; t67 = −2.295, p = 0.03). No other
group differences with respect to control variables were found (all
p > 0.20).
Table 1 shows descriptive data of baseline values and results
of respective group comparisons. Groups differed significantly in
TABLE 1 | Group comparisons with respect to baseline variables.
M (SD) t p
Inclusion (n = 36) Ostracism (n = 33)
Cortisol (nmol/l) 7.10 (2.6) 6.60 (2.9) 0.801 0.43
Good mood 81.00 (11.5) 79.14 (13.9) 0.608 0.55
Calmness 69.52 (15.8) 73.69 (17.7) −1.037 0.30
Alertness 64.94 (18.5) 64.5 (21.1) 0.092 0.93
Happiness 57.82 (17.0) 53.0 (17.7) 1.159 0.25
Depression 8.08 (8.7) 8.30 (9.2) −0.102 0.92
Anger 3.71 (4.0) 7.80 (7.5) −2.847 0.01
their anger ratings at baseline (t67 = −2.847, p = 0.01). Table 2
depicts Pearson and Spearman rank correlation coefficients of
baseline variables.
Manipulation Check
Immediately after Cyberball, included and ostracized women
differed significantly with more feelings of exclusion within
the ostracism group (mean ± SD for inclusion and ostracism:
7.54 ± 12.03 and 52.14 ± 33.31, respectively; F1/64 = 52.768,
p < 0.001, η2 = 0.45). With respect to fundamental needs,
ostracized women reported higher need threat (mean ± SD for
inclusion vs. ostracism, respectively: belonging: 3.77 ± 0.69 vs.
1.84 ± 0.60; self-esteem: 4.31 ± 0.54 vs. 3.10 ± 0.90; control:
3.41 ± 0.70 vs. 1.67 ± 0.58; meaningful existence: 4.10 ± 0.58
vs. 2.74 ± 0.74). MANCOVA revealed a highly significant group
difference (F4/61 = 34.03; p < 0.001, η2 = 0.69).
Mood Alterations
Mood scores during the course of the experiment are illustrated
in Figure 2. More negative ratings were observed in the ostracized
compared to included group for the respective ratings for anger
(time: F5/315 = 1.525, p = 0.21, η2 = 0.02, ε = 0.58; time∗group:
F5/315= 2.778; p= 0.04, η2= 0.04, ε= 0.58; group: F1/63= 9.850;
p = 0.003, η2 = 0.14), depression (time: F5/310 = 1.371, p = 0.25,
η2 = 0.02, ε = 0.60; time∗group: F5/310 = 2.972; p = 0.03,
η2 = 0.05, ε = 0.60; group: F1/62 = 19.116; p < 0.001,
η2 = 0.24), happiness (time: F5/310 = 2.318, p = 0.07, η2 = 0.04,
ε = 0.72; time∗group: F5/310 = 1.978; p = 0.11, η2 = 0.03,
ε = 0.72; group: F1/62 = 12.560; p = 0.001, η2 = 0.17), good
mood (time: F5/310 = 3.174, p = 0.02, η2 = 0.05, ε = 0.78;
time∗group: F5/310 = 3.954; p = 0.004, η2 = 0.06, ε = 0.78;
group: F1/62 = 21.813; p < 0.001, η2 = 0.26) and calmness (time:
F5/310 = 4.476, p = 0.003, η2 = 0.07, ε = 0.66; time∗group:
F5/310= 0.961; p= 0.42, η2= 0.02, ε= 0.66; group: F1/62= 5.056;
p = 0.03, η2 = 0.08). No significant effects were found for
alertness (time: F5/310 = 0.312, p = 0.86, η2 = 0.01, ε = 0.75;
time∗group: F5/310 = 0.816; p= 0.51, η2 = 0.01, ε= 0.75; group:
F1/62 = 1.202; p= 0.28, η2 = 0.02). Significant group differences
for the respective single time points of measurement are indicated
in Figure 2.
Cortisol Alterations
Salivary cortisol concentrations at the respective time points of
measurement during the course of the experiment are shown
TABLE 2 | Correlations of baseline variables (N = 69).
Cortisol Good mood Calmness Alertness Happiness Depression
Good mood −0.18 (−0.19)
Calmness −0.12 (−0.13) 0.48 (0.54)
Alertness 0.06 (0.07) 0.47 (0.53) 0.26 (0.32)
Happiness −0.18 (−0.06) 0.35 (0.45) 0.17 (0.17) 0.46 (0.51)
Depression 0.25 (0.24) −0.53 (−0.41) −0.33 (−0.32) −0.24 (−0.19) −0.16 (−0.11)
Anger 0.20 (0.19) −0.45 (−0.43) −0.40 (−0.30) −0.19 (−0.17) −0.23 (−0.24) 0.53 (0.65)
Pearson correlational coefficients (r); [Spearman correlational coefficients (rho) in parenthesis]. Significant (p < 0.05) correlations are marked in bold.
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FIGURE 2 | Adjusted means and standard errors of the adjusted means of mood ratings (Differential Affect Scale: Anger, Depression and Happiness;
Multidimensional Mood Questionnaire: Good mood – bad mood, Alertness – tiredness, Calmness – agitation). ∗ significant (p < 0.05) group differences at
single time points of measurement. CB: Cyberball; Wait: waiting period; Stress: public speaking stress. The adjustment procedure controls for baseline differences,
oral contraceptive intake as well as for significant differences in control variables. It results in equal adjusted means at baseline.
in Figure 3. Repeated measures ANCOVA revealed a significant
main effect of time (F6/372 = 11.752, p < 0.001, η2 = 0.16,
ε = 0.28) indicating that both groups showed a cortisol response
to public speaking. However, overall cortisol levels remained
lower in the ostracism group from the beginning of the waiting
period until 45 min after public speaking (main effect group:
F1/62 = 5.113, p= 0.027, η2 = 0.08). The time∗group interaction
effect was not statistically significant (F6/372 = 1.206, p = 0.298,
η2 = 0.02, ε = 0.28). Post hoc analyses for the respective single
time points of measurements revealed that the most significant
differences were found at the beginning of the waiting period
(−15 min; F1/64 = 6.948; p= 0.01, η2 = 0.10), immediately after
the waiting period (0 min; F1/64 = 7.335; p = 0.009, η2 = 0.10)
and in the middle of the stress session (15 min; F1/64 = 10.433;
p = 0.002, η2 = 0.14). Afterward increasing standard deviations
led to less profound statistical effects though mean differences
rather increased than decreased: at the end of the stress task
(30 min; F1/64 = 2.631; p = 0.11, η2 = 0.04) and within the
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recovery period (45 min: F1/64 = 0.383; p = 0.54, η2 = 0.01;
60 min: F1/64 = 1.177; p = 0.29, η2 = 0.02; and 75 min:
F1/64 = 2.038; p= 0.16, η2 = 0.03).
DISCUSSION
Consistent with previous work, the Cyberball paradigm clearly
induced feelings of ostracism. Ostracism had an immediate effect
on mood, particularly with respect to depression and anger
ratings. In addition, ostracized women perceived themselves as
being excluded and experienced threat to fundamental needs (see
also Weik et al., 2010, 2013; Zöller et al., 2010). In line with
previous results (Weik et al., 2010, 2013) the endocrine effects
also appear to be contradictive at a first glance: Considering the
absolute amount of cortisol secreted, reduced levels in ostracized
as compared to included women are found. The reduction in
cortisol in the current study is already observable immediately
after Cyberball and continues during the public speaking stress.
A similar tendency of subtle, though not significant, declines
from baseline to after Cyberball has been observed before (Weik
et al., 2010, 2013; Zöller et al., 2010).
However, in previous experiments, when the public speaking
stress paradigm began immediately after Cyberball, ostracized
women experienced not only a reduction in cortisol secretion,
but indeed showed no cortisol response to public speaking
stress at all. In the present study, though again a reduction in
cortisol was observed in ostracized compared to included women,
cortisol reactivity (in terms of increases in cortisol values) to
public speaking stress was not affected any more (Weik et al.,
2010, 2013). It thus appears that the introduction of the 15-min
waiting period allowed the HPA-axis reactivity to recover. These
results imply that the previously observed ostracism-induced
suppression of HPA-axis reactivity to public speaking stress
mirrors an immediate and rather short-lasting effect confined
to Williams’ first, reflexive stage of ostracism effects (Williams,
2009). However, the experience of ostracism still seems to reduce
total cortisol secretion.
Our results converge with findings of two other studies
showing significant declines in cortisol levels after ostracism
(Bass et al., 2014; Jobst et al., 2015) but findings in this research
field are inconsistent. Several studies report no significant
differences between ostracized and included participants (Zöller
et al., 2010; Geniole et al., 2011; Zwolinski, 2012; Seidel et al.,
2013). Interestingly, most studies tested the hypothesis that
Cyberball ostracism would lead to cortisol increases. Some
authors even appear to trust so much in this hypothesis that they
refer to our results of cortisol non-responsiveness after ostracism
as examples of enhanced responsiveness (Iﬄand et al., 2014;
Beekman et al., 2016). Considering that Cyberball ostracism can
be regarded as a potent social stressor, this misconception is
partly comprehensible. Social evaluative threat is considered a
robust and strong trigger of cortisol increases (Dickerson and
Kemeny, 2004) and one might believe that Cyberball ostracism
meets this criterion. However, Cyberball addresses foremost
the need for affiliation and not the need for power as typical
cortisol eliciting stressors do (Wiemers et al., 2015). Indeed,
FIGURE 3 | Adjusted means and standard errors of the adjusted
means of salivary cortisol concentrations during the experiment [time:
p < 0.001; group: p = 0.027; ∗ significant (p < 0.05) group differences
at the single time points of measurement]. CB: Cyberball; Wait: waiting
period; Stress: public speaking stress. The adjustment procedure controls for
baseline differences, oral contraceptive intake as well as for significant
differences in control variables. It results in equal adjusted means at baseline.
it has been shown that the strength of the affiliation motive
is negatively associated with cortisol responses to acute stress
(Wegner et al., 2014). Furthermore, with regard to stressors
activating the need for affiliation, other stress regulatory systems
have been suggested to be of high priority, particularly for females
(Taylor et al., 2000). In this theory, the role of neuropeptides
such as oxytocin and endogenous opioids promoting affiliative
behavior is emphasized. Oxytocin is known for its potent anti-
stress effects and for diminishing cortisol release under stress
(Meyer-Lindenberg et al., 2011). The involvement of central
pathways into ostracism experience that are known to decrease
HPA axis activation have already been discussed by other
authors (Bass et al., 2014; Jobst et al., 2015). Thus, the central
release of oxytocin and the activation of further inhibiting
pathways as a response to ostracism might account for the
present results. Further studies are now needed to elucidate the
specific role of these pathways in ostracism-induced reductions
of cortisol release. The present study is not only of interest
for bringing about new hypotheses regarding psychological
and physiological mechanisms mediating between ostracism
and stress responsiveness. It should be also noted that stress
protocols eliciting cortisol responses are often characterized by
the rather reserved and aloof behavior of the experimenter(s)
when interacting with the study participants as described e.g.,
in Deinzer et al. (2004) and Frisch et al. (2015). This could
represent a social cue inducing an experience of ostracism and
the responses to it. From a methodological viewpoint, this might
be important especially when it comes to the study of the stress
responses of women, which are known to respond with high
sensitivity to ostracism signals. One might hypothesize that the
often observed reduced responsiveness of women compared to
men in these classic stress paradigms might be partly due to this
experience.
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While the present study has its strengths in a well-controlled
design with a considerable number of participants it has also
some limitations. Though groups were comparable with respect
to a variety of control and baseline variables indicating successful
randomization, significant differences for the control variables
self-related rumination and distraction as well as for baseline
anger ratings were found which had to be controlled for by
statistical means. While the study gives information about the
effects of a 15-min time lag between ostracism and public
speaking stress, information about longer and shorter time gaps
is missing. Moreover it should be kept in mind that the present
study sample comprises only women and thereby addresses
women’s responses to Cyberball, only. It would be important
to see if similar effects were observable for men. However, a
previous study assessing the immediate effect of Cyberball on
cortisol responses to public speaking stress did not find any
Cyberball effect in men with respect to cortisol though women in
the ostracism group showed a suppressed cortisol response (Weik
et al., 2010).
In summary, the finding of the current study provides further
support for the hypothesis that Cyberball ostracism exhibits
a temporal inhibiting effect on subsequent cortisol release.
Whereas former studies showed that an immediate sequence of
Cyberball and acute stress leads to an inhibition of HPA axis
reactivity to acute stress, the present finding indicates that this
interference seems to be a short-term effect. With a time gap
of 15 min between Cyberball and stress, HPA axis reactivity to
stress is no longer affected. Still, ostracism results in lower overall
cortisol output.
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